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MANAGING WATER RESOURCES SYSTEMS:
WHY “SAFE YIELD” IS NOT SUSTAINABLE

by Marios Sophocleous®

Although major paps in our understanding of soil and

waler ecosystems 51l exist, of more mportance are the gaps
between whatis known and what is applied. One such gap is In
the use of the concept of “safe yield” (SY} in ground-waler
managemenl, Despite betng repeatedly discrediied in the litera-

tust, 8Y coutinues to be used as the basis of state and local

water-manapement policles, leading to contaved ground-water
gepletion, siremu dewatering, and loss of wetland and rparian
ceosysters.

Traditionally, “safe vield™ has been defined as the attaip-
ment and wainlenance of a leng-term balance beiween the
amount of ground water withdrawy annually and the apnual
amonnt ol jecharge. Thus, SY limits ground-waler pumping to
the amodnt that is replenished natarnlly, Unfoctnnately, this
coneept of SY ignores discharpe from the system, Under natural
or eqailibivivra conditions, rscharge is balanced, in the long term,
iy diseharge from the aquifer into a stream, spring, or seep,
Consequently, if pumping equals recharge, eventually steeams,
marshes, and springs dry up. Continued pumping in excess of
recharpe also evenknally depletss the aquifer. ‘This hashappened
in varlous lorations across the Great Plains, Maps comparing the
percantal srreams ineKansas i the [960s 1o those of the 1990s
show a marked decrease in miles of streamiflow in the western
thivd of the state, (For more information on 8Y, see the edited
volume by Sophocleous, 1997, “Perspectives ot Sustainable
Developmeint of Waler Resources in Kansas,” Kansas Geologi-
cal Survey, Dulletin 239, in préss.) Policymakers are primarily
concerped ubout aquifer druwdown and surface-water deple-
tion, both wrelated 1o the nalural rcchar;o rate. Despire its
irclevunve, naturad recharge is often wsed in ground-water policy
to badanee ground-water use under the banner of 3Y. Adopting
such an attractive fallacy does not provide seientific eredibility,

To belter understand why “sale yield™ is not sustainable
yicld, areview of hydrolopie principles (eoncisely stated by Theis
inn 1940) iv reqnired. Under naiyral conditions, prior ta develop-
ment by wells, aquifers are in a state of approximate dynamic
equitibriun; over hundreds of years, recharge equaly discharge,
iseharps from wells upsets this cquilibrium by producing aloss
from acuifer storage. A new state of dynamic equilibrium is
reached ouly by an increase In recharge (induced recharge), a
decrease in natural discharge, or a combination of the two.
Initialty, ground water pumped from the aquifer comes from
storage, bul witimately it comes {rom induced recharge, The
tirning of this {ransition, which takes a long rime by human
standards, is 8 key fuctor in developing sustainable water-use
policics. Hotwever, It Is exceedinply difficult to chstmgmsh

boiween natural rechiarge and indoced recharge to ascertain -

possible sustained yield, This is an ares that needs further
tesgaech, Calibrated stream-nyiifer madels could provide some
answers tn this regord.
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The concept of sustainable yield has been around for many
years, but a quantitative methodoiogy for the estimation of such .
yield has not yet been perfeeted, A suitable lydrologic basis for
dutt.mumng the mﬂgnltude of possible development would be a
quantification of the wansition curve (from ground-water stor-
age deplerion to full retiance on induced rechargs), coupled with
a projected pattern of drawd own for the system urkler considera.
tion. The level of ground-water development would be calgu-
lated using specified withdrawal rates, well-ficld locations,
drawdown limits, and a defined planning horizon., Stream-
aquifer models are capable of generating the transition curve for
maost situations.

Another problem with 5Y is that it has often been used as a
single-product exploitation goal—the number of trees that can
be cut, the number of fish that can be caught, the volume of water
that can be purped {rom the ground or river, year alter year,
without destroying the resource base. Bui experience has repeat-
edly shown that other resources inevitably depend on Lhe ex-
plaited product. We can maximize our 8Y of waler by drying up
our streams, but when we do, we fearn that the streams were
mare than just containers of usable water. _

A better definition of SY would address the sustainahilily of
the system—not just the tees, but the whole forest; not just the
fish, but the marine food chain; not just the protnd warer, but
the nnning suenms, wetlands, and all the plants and animals
that depend on it. Given the dynamic connectedness of a
watershed, manapement activities can fragment the habitar
“patches™ if they are not planned and implemented from an
ecosystem and walershed perspective, Such a holistic approach,
however, is fraught with diflicully. We eannot use a patural
system withouot altering it, and the more intensive and efficieat
the use, the preater the alleration.

Seience will never know all there is to know. Rather than
;AMlowing the unkaown or uncertain to paralyze us, we must apply

*'the best of what we know today, and, at the same nme be flexible

enough to allow for change and for what we do not yet know,
Instead of detemﬂning a ﬁxed sustainable yield, managers
should recognize 1hal yield var u,s over lime as environmental
conditions vary. _

Our understanding of the basic principles of soil and water
systems is fairly good, but our ability to use this knowledge to
sofve problems in complex local and cultural settings is relatively
weak, Communication is vital. We need peaple who can transfer
rescarch findings to the field and who can also communicate
water-users' needs to the researchers. Delivering 2 journal publi-
cation te 2 manager's desk is not sufficient e ensure that
research results are quickly put into practice. I believe this
breakdown in communication accounts for the persistence of
such misguided concepts as SY in ground-waters management
roday, Researchers increasingly must cross the boundaries of
thelr individual diseiplines, and they must look to theie clients-—
the managers and water users—for help in defining a practical
context for research, A strong public education program is also
needed to improve understanding of the nature and complexity
of ground-water resources and to emplnsin. how thig under-
standing must form the basis for operating conditions and con-
straints. This is (he only way to positively influence, for the long
term, the attitudes of the various stakeholdery 1nvalved
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